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ANl AUTOMATIC CLASSIFICATION SYSTEM FOR PUBLICATIONS,

LIBRARIFS AND DOUKENTATION*

Martin Scheele, Schlitz/Hessen

".I INTRCDUCTION p.

1. Statement of the Problem

It is the task of .Gccuzcentai'on to handle a more rapidly

produced and ever increasing volume of written oaterialso In

this respect, scientific periodicals are in the foregootnd of our

intereat. The magnitude of the task and th-e volume of literary

material force us to rationalize by using modern methods. The

documentation problem itself is multifaceted and, therefore, cvnnct

be solved in one operation or on one level. Pe must, rather,

diffarentiate between various stages tf documentation, beginning

with the simple processing of the titles of publications, extending

tluough the citing of key words and references &11 the way to the

-valuation of concrete data and values. Thereftro. before using

any modern metho~s, we must ask at what stage -Di decumcntation

the best rationalization effect can be obiaired. ard wh1ich ".pecificI method promises the most favorable relationszip between ,'r•dltureg

and profit.

A thorough analysis of this qtestion le i to the cnnclusioi.

that the automation of documentation is best begui at the first,

bibliographic level of pure titl.e peocessing, &nd according to €. 2

experience, it is most rational to use punched tape techniques in

combination with electronic computers.

-d -&J with gratitude to the memory 2f my ol- friend, Grad.

ling. WIlli Heimerdinger, vho died on 6 March 1964.

•iIi
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The description of such a system is the subject of this paper.

My main objective is to familiarize the reader with the basic

thought processes and work sequences of our system. Details are

only discussed if they are indispensable for the understanding

of the whole. Otherwise I have made every effort to leave out

all specifics and complications, particularly since it in necessary

to Save space.

The described method was developed in the Documentation Cf.enter

for Biology in Schlitz/Hessen. The programuing for the electronic

computers was planned and carried out by Mr. Gerhardt Natalis. I

would like to take this opportunity to thank him for his work and

point out that his accomplishment can only be truly appreciated to

its full extent by a programaing expert. IBM Germany generously

supplied us with the electronic equipment necessary to teat the

system, and we express our particular gratitude to the firm and

all the gentlemen concerned. We thank the men and women of the

Hollerith Department of the Max-Planck Society for doing the punch

card work. This paper is dedicated to the Society's deceased

director, Grad. Eng. Willi Heimerdinger. Our special thanks goes

to the two gentlemen and institutes which made ov.r work Initially

possiblol Prof. Dr. Reinhold von Sengbusch and the Max-Planck

Institute for Plant Cultivation [Max-Planck-Institut fdar Kultur-

pflanzenzuichtung], with which our documentation center is connected,

as well as Dr. Martin Cremer and the Institute of Documentation,

which has financed our work since I January 1962.

I
2. Definition of Technical Terms Used

Terminology principle. We distinguish two principles for in-

formation retrieval methods. %hen applying the document principle,

one data carrier (index card, pIwmwed h ard, magnetic tape section),

1. Terzs, which are assumed to be generally known, as well as terms

which are explained within the text, are not dcfined here.

• 0
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containing all of the terms occurring in the respective document, P. .

is used for each irdividual document. When applying the terminology

principle, it is the other way around. In this instance, a data4I '4
carrier is set up for each individual term, and the numbers of

all documents which contain the respective terms are listed or.

the data carrier.

Current Contents. This is a literary service published in the

United States, which gives the table of contents of certain groups

of periodicals, even before their current issue :s published, list-

ing authors, article headings and addresses of the authors.

KWIC Index. ThIs is a system developed by H. P. Luhq (USA).

"Its expanded name is Keyword-In-Context Indexing (or Index), and

it alphabetically sorts (keywords) by machine public ion titles

according to keywor-s contained therein and lists them in con-

text with the titles.

Machine punch cards. Punch .ards which are processed by

machine. The cards are processed by machines individually (one

after the other). They are not punched before their use.

Needl e punch cards, These are punch cards which are processed

mainly manually with needles or needle instruments. A number

of cardr can be processed simultaneously. They are already punched

before use.

Notation. Any type of designation or symbolic representation,

whereby other symbols take thn place of the original words.

Topic tag. Mhe shortest possible linguistic expression for

the contents of a publication or the contents of a part thereof.

The topic tag, therefore, refers basically to the contents of a

publication. This distinguishes it from a key word, which is taken

Lrom the title of the publication in question.

Science Citation Index. A method developed in the United

States, where bibliographic information about publications is the

focal point of the documentation process. Proceeding from a specific

_ _ _ _
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work and its author, a determination can be made, in particul3r, p.

,' as to which subsequent authors have cited this work in their

publications.

Thesaurus. Miy vocabulary wherein words are grouped accord-

ing to related meanings,

3. The Basis for Our System

Why only titles?

The limitation of our system to publication titles constitutes

the major objection raised by critics. However, this criticism

can be met by various important arguments, which justify our system.

First of all, titles are generally better than is assumed by

widespread prejudicial opinion. A thorough examination of bio-

logical articles was conducted in the United States, according to

which from 50 to 70% of the tit-'es render the essential content

of the articles in topical form.

The rapid expansion and popularity of the American KWIC

Indexing method and the "Current Contents" Service proves that

titles alone are of considerable use to th., - . . th

projects are based exclusively on the analysis of titles, and it

is of interest to note that they have contributed to an improved

rendering of titles by authors.

Let us now consider the necessary expenditures for purpose:

of comparison. A tenfold increase in personnel and an approximately

twentyfold increase in personnel fund expenditure would be necs-

sary for contents analysis by key phrases or abstracts, taking

9 f our extensive automation into consideration, as compared to pro-

cessing titles alone. This increased fund expenditure is caused

by the fact that contents analysis by key phrases or abstracts can

m* neither be carried out automatically nor can it be done by

assistants. Experts are needed for this type of work, and -they

cost more money.

- !_________________
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Tha use ox" experts causes additional problems. One of P. 5

these problems is the well-known personnel shortage, which

afiects ducumentation to a greater extent, because the scien-

tists in question initially take up research or enter other

professions. In addition, it is difficult to coordinate a

larger number of reviewers in such a way that a working method

is achieved which is as uniform as possible.

Finally, there is a technical-organizational factor, which

causes limitation to titles appear in a particularly rational

light. Each documentation method necessitates taking over

specific information concerning the various publications by copy-

ing from the original literature, whether it concerns simple card

indexes, needle punch cards, machine punch cards, or electronic

installations. 'This is the only way to establish a documentation

service. Moreover, all documentation stages, from pure title

processing up to evaluation of data and values, must be based on

a common minimum selection of such information. Author, title,

p4riodical, volume, year of publication and pages, as well as in

some circumstances additional iniormati-a about number of

literature references, figures and tables, etc., are classed among

these important data concerning articles from periodicals, with

which we are mainly concerned here. Since all this information,

of which the title is a part, has to be copied anyway for each

publication, :t method, which works exclusively with this information

and which is based on the process of simply copying Zrom the original

material, offers the most favorable solution. At the same time,

one must provide for leaving the way open to the higher documentation

stages and no changes in ý%he system become necessary if additional

desiderata are forthcoming at a later time.

Why punch tape typewriters?

The punch tape techniqde offers a method which permits us to

store a t,3xt, which has to be written anyway, during the actual

"44
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writing process for any desired type of further processing. This

is done with punch tape typewriters. They work like aormal electric p. 6

typewriters and at the same time punch all written symbols in a

paper tape in accordance÷ with a special code. This punch tape

represents the memory. All information punched on this tape can

be reproduced by machine at any time, and can be transferred by means

of a punch tape typewriter reader onto normal index cards or needle

- punch cards as many times as desired, or it can be transferred to

machine punch cards or magnetic tapes by using special converting

machines. Thus, any desired, subsequently processing documentation

syitem can be accommodated. The punch tape typewriter makes it

ponsible to perform the entire process of indexing information

us:ing assistants, who only have to copy all the informational data

mentioned above. A good production output can be achieved by

rational organization of the work. A group of four typists can,

based on our experience, take down and correct an average of

103,000 bibliographic units a year with one punch tape typewriter

operating several shifts a day, taking in t o consideraticn vacations

and other normal absences.

Why electronic computers?

Electronic computers are the most technically advanced systems

waich have been used to date for documentation pu,-poses. They

i alone enable us to completely automate all bibliographic work, to

the extent that it is based exclusively on the evaluation of re-

I corded titles and other information mentioned, and to make

1 exhaustive use of the stored material in every respect possible.

The most difficult partial task within the framework of such

total automation ia the development of an automatic classification

of publication titles. However, after this problem is solved, the P. 7

* ,electronic machines can relieve man of having to compile title

bibliographies and search through titles for specific subjects.
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It is difficult to estimate how much outlay could be saved

thereby, because to date incalculable dou'ale and multiple work is

befi . in this respect. Innumerable librarians, documentation

specialists and scientists scrutinize the same literary material

independently of one another, in order to compile bibliographies

or find specific works. On the other hand, we record all original

publications from all pertinent periodicals only once, and then let

the machines do all other work autoeAtically. It must be also

taken into consideration that the --'i-t-out of the desired in-

formation follows automatically at a high speed and completely

error-free, and can be repeated as many times as desired, so that

savings result in this respect also.

Modern installations can also solve a number of problems, of

which we will mention only a few at this point: compilation of

annual prublication lists (or lists extending over several years)

of individual periodicals; compilation of alphabetical and

systematic indexes; compilation of catalogs for libraries, in-

stitutes and individual scientists; compilation of systematic

vocabularies (thesauri); general literary research with inherent

possibilities for determining gaps in research, classifying

periodicals and in~estigatin, .he development of scientific

documentation in general.

II. THE CLASSIFICATION SYSTEM

Automatic classification and, as a prerequisite therefor, a

suitable classification system constitute the focal point of our

entire system. Work on it has been going on since 1952.

1. General System Types p. 8

There are two major types of classification systems: hierarchical

systems and basic term systems, which can be combined arbitrarily.

a) Hierarchical systems are strictly classified in a step

sequence of categories. They start with a very general, and end

with a very specific term. Their logical!) unobjectionable application

____
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is given only if a certain number of subjects are classified

according to a continuous and standard point of view (basis for

classification). One example is the phylogenetic system of

organisms. Here, the natural relationship is used as the basis

for classification.

b) Basic term systems, which can be combined arbitrarily, fore-

go hierarchical classification, They are based on the concept

that category steps can be exchanged, particularly when classifying

characteristics, so that each term can be arbitrarily used as a

broader or narrower term. Let us mention the terms "blood" and

" "temperature" as an example. "Blood" can be the broader term for

all its characteristics, as for instance "temperature," "color,"

and "viscosity." But "temperature" can just as well be used as

a broader term fo_ its occurrence in the form of "blood temperature,"

"body temperature," "water temperature," "soil temperature,"

etc. Basic term systems, consisting of terms which can be arbi-

* trarily combined, have found repeated application in documentation

recently. The) are used to take the numerous relationships between

terms into account to the maximum possible extent.

c) Both systems have their specific advantages and disadvan-

tages. The disadvantage of the hierarchical system consists

mainly in its inflexibility, and the fact that when using it for

characteristics, the same terms are repeated at various points

in the system. For example, the term "temperature" appears 44 times

in the international Universal Decimal Classification Systew (UDC).

The disadvantage of terms which can be arbitrarily combined lies

mainly in the fact that broader terms are lacking, since a minimum p. 9

of hierarchy is indispensable for the formation of term groupings.

2. Own System

iWe have taken the following course in our system of natural

scicnces, wherein emphasis is on the field of biology:

1 . -._. __. ____



a) subjects and characteristics are strictly separated.

Chemical compounds and organisms are classified as subjects. All

other terms are taken as characteristics;

b) pure hierarchical systems are used for the subje-ts. We

developed a mixed system for the characteristics, dhich combines

the advantages of both classification principles (hierarchy and

arbitrary basic term) and avoids their disadvantages;

c) the basis for classification of chemical compounds is

the type and number of atoms present in the compounds. Expressed

another way, the compounds are categorized in accordance with

their gross formula, which at the same time is used as the notation.

It is structured as follows: ZO stands at the beginning as a

"standard symbol for all chemical compounds. These symbols were

selected because Z does not occur at the beginning of any other

notation and the numeral 0 separates this letter (Z] from the

subsequent element symbols. Then follows the gross formula,

where the indices appear as normal numerals. In addition, atoms

occurring only once were given the numeral 1. For example, sodium

sulfate (Na2 'j ) receiveb the notation ZONA2S 0

Such regulation is necessary in order to avoid errors during

machine processing and print-out. The machine receives the command

to consider the one or two letters which stand between numerals,

as element symbols, while the numerals itself reflect the number

of respective atoms. Siace these notations can only be printed in

capital letters, the machine would not be able to differentiate

between the symbol for zinc (Sn) and the symbols for sulfur (S)

and nitrogen MN), without the use of the numeral I, for example;

d) the phylogenetic relationship is use,' as the basis for p. 10

classification for the organisms. The natural or phylogenetic

system of. organisms, which has this classification basis, has

two serious disadvantages as compared to the chemical compounds

system. First of all, no fixed and generally acknowledged system

i •'• 'ffli
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exists, because the phylogenetic relationship cannot be deter-

mined directly and clearly, as is generally the case for the

structure of chemical compounds. The natural relationship must

rather be found indirectly through biological research. This

results in numerous distinct opinions about the correct classi-

fication of organims, and in addition, the system changes with

the progress made in science. Second, there is no notation

system for the organisms which is even approximately equal to

chemical formula expressions and which reflects the relationships

throughout all category steps.

We had to eliminate both disadvantages, because a fixed

classification system, as well as a suitable rendering of the

notations was necessary for documentation and particularly for

our method.

We therefore decided on a classification system which

followed the best known and most thoroughly systematic works

and digests, but which took into account only the most common

category steps. We developed a notation system composed of

numbers and letters for this purpose, the notations of which re-

flect the entire relationship of the individual organism groups;

o) the characteristics system contains four groups of systems

having 10 individual systems each. There are, therefore, a total

of 40 individual systems. The notation system in question con-

sists of four-digit notations. The first digit indicates the

system group and the second digit indicates the individual system.

The third and fourth digit are used for individual basic terms.

Thus, we have a classification with four gradations. This

is the minimum hierarchy, which has been tested by us and found

satisfactory for a usable system.



Category Notation Place Symbol

Division first place letter

Class second place number

Order third place letter

Family fourth and fifth numbers
place

Genus sixth and seventh numbers
place

Species eighth and ninth numbers
place

Example: House dog (Canis familiaris)

Notation R9Ho10102

Chordata: R

Mamalia: R9

Carnivora: R9H

Canidae • R9HOl

Canis: R9HO101

House dog: R9HOIO1C2

Each basic term appears only once in the system. All tasic

terms cvn be freely combined with each other and with the terms

of the subject systems. Pertinent broader terms app-ar automatic-

ally in connection with each combinaticn. of basic terAs because of

the foii-gradation hierarchy. This resuVl.,j in an optimum supply

of information.

The following is a survey over the system groups and inuividual

syste" cf the overall system.:

0 K-jor categories

D Characteristics carrier* 06 Organiatlonal steps

01 Overall scientific classjficL)ion 07 Celluilar compi)pts

02 Yrthods *, Classification of !nc s'tire
organisS9

- freY,%atr' M Notez: 'th word appo.ars in Zhe 2ext as "Smjthoront,"

=6 xs Xu-cher oi. in tic u efý.nr as "Xerk)als rao-r," 3

chara~cleris#1r& carziev.

* L ._ - _ _ _ _ _ _ _
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03 Generation 09 Various functional terms

04 General broader terms

05 Individual scientific fields

1 Basic scientific categories

10 General basic terms 17 Major groups in cyclic system

11 Magnitudes 18 Sub-groups in cyclic system
1Z Rhythms 19 Organic-chemical factors

13 Medium and condition

S14 Mechanical factors

15 Energy factors

16 Chemical factors

2 Individual categories of idiobiology

20 Ner-fous system 25 SupportinC system

21 Digeative system 26 Motor system

22 Urogenital syhtem 27 Sensory system

23 Attack and protetiva4 s.-stew 28 Respirator: system

24 Circulatory system _) Various systems

3 Individual categottes of coenohiology p. 12

"30 Dis.charitds: aocial :?5 Geography: planet as a whole

relationships 36 Geography: D•rope

31 Disaccharids: material 37 Geography: America, Arctic,

32 Coenocytes: la~id Antarctic

(1ithosphere) 38 Geography: Asia, Africa

33 Coenocytes: air 39 Substrate

(atmosphere)

-- 34 Cuenocytes: water

i'- (;sydroaphere)-The overali system is set up ,"th particular emphasis on

.o. biolog7 in Sts wideat- sa , and an the earth sciences* However,

it also contains iasic pLysics and chemistry ters, and a be

" ro'-'trarfly expwided wJ axtended to ot•er fields in accrdance with

its gwneral prifciples.

__ _ _ _ _ _ _ _ _-



III basic terms, which would 'Ie outside the principle of the

4 four-gradation hierarchy if they appeared in o-ie of the other

ind~viduaa1 systens, ai-e ccntained in system group 0. These terms

xemajor broader terms or basi-c terms which have a very general

meaning. Let us take as sin example the individual systems

"characteristics carriitr," "aiethoda," and "cellular components."

The developfeez.* stages, sex, and anomalies, as well as the

systematic units below the species, are cci~piled wnder thie broader

term "characteristics carrier" (SemaphortontJ (Hennig, 195W). The

cnrrespcnding basic terms of this systemi can tiz tak-'m as further

classification of the oreganisms subject system, as irell as in

the sense of broader terms for all biological individual systcms

of the otner system groups, Consequently, thwi characteristics

carr er system occupies an inttirmediate position betvreen the subject

sy~teu. and the characteristics system.

The ;.n-iv~dsual "Dethods," xS'*aw In a particulzrly

distinet manrnor t~tet her-t a rilown rvtrtt of' view is present,I ~which can be significantly combinod witn any other basic .amof'

the other individual systems;

"Cellular componeaits," finally, form examples of basic bin- P. 13

logical terms, which would be repeated in all individual systems

individual system h&bd not been created for this purpose within

the frameworik of the main categories.

System group 1 consists chiefly of the basic terms occurring

Li physics and chemistry.

The individual organic systems are found in system group 2.

The advantages of the principle of combining basic terms can be

especially well demonstrated w th tlmm pertinent terms of this systemA

Group. Let us take as an example the term "sense of lioht"



i(notation 2730). This term, as all the other batsic terms, is to

- be understood in its wnst general meaning, standing alone amnng

the terms, a: it were. It obtains cotcrete meanirn orn! by a

combination with bartic t••nms paicularly 4f ayr.t g-,-ur; jet

"us illtistrate this with the following examples:

2730 + 0601 (excreta)i lacrinal flid

S-2730 + 0610 (i•eJl: vii.ul cell

27{.) + 0. (t-issue): eye t.•z-=.a

" Z'?30 -1- 0630 (organ): eye

2730 + 0640 (entire organism): eyesight

or

S~2730 + 0630 + 0521 (e~rpholoey): eye structure

S271ý0 + 0%50 + 0532 (developmental physiology): eye growth

2?;O + 063G + 05-3 (genetics): eye heredity

S273 + 0630 + 0542 (evoiutionary physiology): eye mutation

The combinatiun of few, well-founded and well-defined basi-

Sterms from few individkm systems results in a multitude of concrete

-terms, as is illustrated in the above cxmples, which in order to

• _ - sa-e space are incompleee here. Taking into consideration in

V- C15Mt.1 numerous ,'nomymr. it i - ther, utjderstaeCable -nhat we

were able to Clearly d*-eine ch;. words and te -on 21r ý ;,aara-erlst i a

i Iastew (approxiimately 50,000), which hav.,i appeared during thi prc--

cessing of approxismtely 40,Oo0 *ilcs, by combining only about

•-2100 basic terns.

System group 3 cons~stz of individual categories of the field

of coenobiology. Whilg idiobiology (system group 2r conccras itself p. 14

with individual organism3, all those relaticnships are compiled

? Iunder coenobiology, wi.ere individunl organisms occur as subgroup

of a higher category. These h.gher categaries consist either of

individual oranisas (Uor example, parawitic or s5eal relation-

ships) or of organiwic and non-organismic xubgro'lW. This 2.atter

*--:1 --I

-. .1 - -
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is valid for coenocytes, which are defined here as a unit of

living space (non-organismic) and living community (organismic).

The geographic basic terms are used accordingly. Therefore, all

terms from the earth sciences (geography, geology) can be expressed

by our system.

III. THE SYSTEM

The systim can be divided into three sections, which follow

one another during the sequence of operations: indexing of biblio-

graphic unit- including transfer to magnetic tane; automatic

classification including all operations necessary for it; the

processing, which varies according to the purpose for which the

information is needed, and output of the material.

I. Indexing and Transfer

a) Procedure for periodicals: recording the title and other

bibliographic date of all original publications of as many

periodicals as possible with punch tape typewriters. A fixed

model is needed for this purpose as for all machine work. This

uode! has a category number for every information category, and a

live number within every category for each indexed line, so that

a two-.digit number stands in front of each printed line. (See the

example in Chapter III/2/e). Individual categories are divided

as follows:

Category 0: publication number

It contains first of all a five-digit number for the periodical

with a capital letter added as prefix. The letter is used for p. 15

the classification of the periodical according to its technical

field. In other respects, all periodicals are numbered consecutive-

* ly without special sequance. Next follow three digits which are

used for stating the voluQP of the periodical. A last three-digit

or fo'zr-dijit number designatea consecutively each individual

article wlth-sla vlume and periodical. - A completely clear desig-

nation of ea'.h work is obtained witb these publication numbers as a

result.

-I _ __ _ _ _ __ __
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Category 1: intended for corporative author (institution).

"Category 2: author.

Category 3: original source.

In this case, the volume number stands before a parenthesis,

in parenthesis is the year of publication, and after the

parenthesis the beginning and final page of the article. The

"name of the periodical does not have to be recorded in this

category, when indexing the bibliography, with which are are con-

cerned at this point. The machine stores all names of periodicals

separately under their periodical numbers (see category 0) and

prints them automatically in front of the volume number during

print-out of the bibliographic data.

Category 4: notation of supplements and other.

The following belong to this category: number of bibliographic

quotations, figures and tables, as well as language of the

article, and existence and language of abstract in another language.

In addition, the machin- computes from beginning and ending page

(see category 3) the size of the article for print-out and prints

this information as the first number in front of the other in-

formation.

Category 5: intended for secondary sources (references in

a publication of references).

Category 6: title (with subtitle) and translation of title,

f :if needed.

Category 7: topic tags or abstracts.

Category 8: intended for the Science Citation Index system.

Category 9: available for supplementary remarks.

All this information is typed onto a DIN* A6 index card p. 16

for each publication. Yndex card-continuous forms are used in

order to avoid as much as possible having to insert the cards

i DIN - German industrial norm.

_ _ __ __ __ __ _

!!___ ___ro_ __ __
______________ _____ll_____________
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into the typewriter and taking them out again. A tape is punched

simultaneously as the cards being typed. The index cards are

used for control purposes later on.

b) Transfer of the information from the punch tape to magnetic

tapes using the IB4 1401 computer and the IBM 1011 sensor

connected to it. The print-out of lists of corrections to the

indexed material using the IBM 1403 printer.

c) Correction of errors made during input and transfer of

data.

2. Automatic Classification

a) hetrieval and counting of words appearing in the titles

(data category 6) of the publications with the IE14 1401. Consoli-

dation and output of words in the form of punched vocabulary cards. I
A vocabulary list stating frequencies and where word was found

(word frequency list) is put out at the same time.

b) Classification of the words listed on the vocabulary cards

and handwritten entires of appropriate notationc on these vocabulary

cards.

The classification work at this point in the work sequence

has to be carried out only once for cach word by the human processor.

The more words and corresponding notations the computer has stored

in its internal vocabulary, the less is the number of added words.

Some day a stage should be reached, where only words, which are

newly introduced into science will be added.

The wcrds are initially divided into seven different p. 17

vocabulary categories:

expletives (1) name of species (2)

chemical compounds (3) name of organisms (4)

terms (5) nomenclature/term (6)

first names (7)

All those words, which do not have any informational value,

-are categorized as expletives. (Examples: the, and, or,
investigations, results).

J i

__ _ _ _ ___l-__ _ _ _



• • -18-

The name of species, belonging tU biological nomencrature,

"are compiled in a separate vocabulary category. This is neces-

cary because for one the names of species are isolated words,

just as all other words, and for the other clearly designate the

type of organim in question only in combination with the pertinent

generic name. The special solution of the problem resulting

therefrom will be described in the section concerning output

(exaumpler.: palustris, HUstedti).

Vocabulary category 3 contains all chemical compounds which

can be given for a gross formula (example: sodium hydroxide,

barbituric acid).

All s;ientific designationn an~d all trivial rames for organisms

of all categories from division to genus, as well as trivial

J names of species, are included in the category of organism names

(example: plants, birds, Marchantiaceae. Drosophila, deadly night-

shade).

All words in the characteristics system are grouped under

terms (oxamples: albino, immnity, gravitational effect, stomach

nerves, Central America).

In vocabulary category 6, we find all designations aade up

of organ-sm names and characteristic terms, and 11 other words

in which organisms and characteristics notations occur together

(example: bacteria cell walls, amphibian ova, blossom colors).

A special vocabulary category was created for the first names

of persons, which will not be considered further in the following

description. It became evident that the articles in question con-

cerned, for the most part, obiturry or ether biographical articles

whenever these word= appeared in the titles of publications

(example of title: Karl Lueders, 70 Years Old).

Expletives (WB [vocabulary category] I) and name& of species

N.R 2) receive the vocabulary category only, and do not have any

notations. Chemical compounds (W1 3), names of organisms (WB 4)

___________________ ___________________________________________

___________________ ________________ _____________________________________,



and combi:ation words (WB 6) are classified according to the subject

system in question ant tagged with the corresponding notation.

Terms (Wl 5 qzd combination words WB 6) are classified in
I1

accordance with the principle of definition. The meaning of p. 18

the word is expressed by combining the notations of basic terms

present in the characteristics system, with a notation from the

subject system added, if needed. For example, the word "pollen"

can be defined as "male (notation 0092) germ cells (notation 0000)

of g)mnosperms (notation G) and angiosperms (notation H)," and re-

presented by the appropriate notations.

All synonymous words in the same language and corresponding

words of other languages receive the same notations.

Furthermore, each word receives a language symbol, so that

later on all words of the same language can be collated by machine.

A polyglot vocabulary can be obtained in this manner.

c) Punching the vocabulary category, the language symbol

and the notations on the vocabulary cards. The vocabulary cards

are subsequently fed back into the electronic computer. A thesa.rus

is created on the magnetic tape in this manner, which can be

continuously supplemented with new words and words which are not

'yt recorded on the tape.

n) Internal machine verification and sorting processes.

Priit-outs of alphabetical and systematical vocabulary lists

(thesauri). Additional proofing and correcting processes.

e) Bas-2cally, two "clean" magnetic tapes are available after

all verification and correcting work is finished. One tape con-

tains the input of bibliographic units with all pertinent data, and

one tape the thesaurus (words and notations). The computer carries

out the autometic classification with these two tapes and by using

a few additional internal magnetic tapes. In accordance with the

terminology principle, it simultaneously constructs two registers

which serve to accelerate interroqlation.
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:By way of example, we will show three bibliographic units, p. 19

as well as a retrieval sample from the alphabetically structured

thesaurus, in order to illustrate the work sequence in a

simplified, easily understandable manner.

Bibliographic units

The input mod.el is explained in detail in Chapter 11l/1/a.

.umbers in parentheses after each word are word nu. iers and only

serve explanatory purposes.

00 AOOOll-046-021

S20 4.stchler, Albert

30 46(1954) p. 364-418

40 0-3-1-Germ.-Engl., Russ.

60 Mass occurrence (1) of(2) larvae(3) of(4) Eristalis(5)

61 tenax(6) in(7) waste water(8).

00 B001O4-085-OO6

20 Steiniger, Otto Hellberg, Karl-Heinz

30 85(1936) p. 12-29

"40 15-0-2-Germ.-O

60 The(l) change(2) in(3) leaf size(4) and(5) color of blossoms(6)

61 of frequently(7) cultivated(8) flowering plants(9) after (10)

62 fertilizing(ll) with(12) waste water(13) containing phenol(i4).

00 A00117-008-019

20 Koester-Uhlig, Heinrich, van

30 8(1959) p. 14-33

40 31-0-3-Gern.-O

60 The(l) ;ize(2) of(3) chromosomes(4) of(5) Diptera(6).

I.'
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Thesaurus extract

* Word Vocabulary Language Notations
category symbol

Waste water 5 It 1311

Change 5 B 0420 1019

Cultivated 5 B 0220

Leaf size 5 B 0020 2950

Color of blossom 6 B H 1530 2270

Flowering plants 4 B G H

Chromosomes 5 A 0790

The 1 B -

The 1 B -

Diptera 4 A 09L

Fertilization 5 B 0226

Eristalis 4 A 09L2109

Size 5 B 1120

Frequent 1 B -

In 1 B -

Larvae 5 B 003('

Mass occurrence 5 B 1115

With 1 B -

After 1 B -

Containing phenol 3 X ZOe6HM61

tenax: 2 A-

i And I B -tOf 1 B-

The coml,}ter provides all words in data category 6 (title%- p. 20

of each bibliographic unit with a consecutively running ntmber

during the first work sequence (in our example, the number is

after each word in parentheses). The machine then compares these

words wixh the thesaurus and assiqns to each thesaurus word the

,! I
ti4

] I
**..'-'! .----- *-- - - - - - -----
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publication numbers (data category 0) of all bibliographic units,

where the word occurs in the title. The consecutively running

word numbers are added to these publication embers at the same

time. Finally, two magnetic tape registers - a word register

and a notation register - are generated on the basis of this

intermediate internal computer stage.

The word register no longer contains the expletives (vocabulary

catelpory 1), since they were eliminated by the computer. The

word register is arranged alphabetically and consists of all

declarative words with corresponding publication and word numbers.

Vocabulary category 2 (names of species) is eliminated in

the notation register, because notations are not needed for this

category. The notation register is sorted according to notations

and thereby takes on the characteristics of a systematic register

as compared to the alphabetical word register. Corresponding

publications and word numbers are again listed with the individual

notations. The autoaatic classification process is finished with

the generation of the notation register.

The advantages of this mothod are clearly evident. The

automatic classification is done more than a thousand times faster

than it could be accomplished by man, and in addition, operates

in a completely uniform and error-free manner. Moreover, all

publication numbers on one subject are already in one group

(terminology principlel) so that the machine does not have to

search through all the stored bibliographic material for the in-

quiry operations, which will be described later.

3. Processing and Print-Out I

Computer processing of bibliographic material for the various

kinds of evaluation and output, some of which we have listed at p. 21

the beginning! of this article. Subsequent machine retrieval of

digests, lists or any of the Index cards in accordance with the

purpose for which they will be used.



We will-describe the evaluation and print-•out process for-"

documentation ifiquiries aa aý final example. F•,r tLhis purpose, -

Im • ~~the user. After all, contact with the user is of primary ai- g- -

-- '

enificance, since it is the task of doamnentation to be of service. -

1' Subsequently, we will list some principles which are of importance

to users of documentation arid then cite some inquiry examples.

a) Basically, the user should be completely free in

formulating his inquiries and should not be obligated to keep to

any pattern. It is the task of the documentation centers to

-•_ i jre-hr••e the userrc inquiries for the computer. Personal coopera- -

t tion b%:%.veen uaer and dc~tivent-atiov c=nter !to reommended for

"difficalt or v gue inquiries.

b) The compute-- can usv.er- li vest-iaioZr relatino- t da•a

stored for each bibliographi- unit and any of their combinrtions,

which itas boen defcribed in detail in Chapter IIIlI/a. An extreme

example, which will hardly come up in practice, would be the

ques•ion, "All publications by G. Kuntze fr~a the Genetics periical -

*• covering the years 1950 tu 1960 concerning the heredity of eye

color in man, with less than 20 pages, for-a tha 10 biblioqrjtic

data, 5 figures and 5 tables, in German, with An abstract in

En;lish." - It is more effictent for a rational utilizatitn of

the computer to process several hundred inquirite ximultaneoubly.

c) According to the results of an inqniry test, which was

carried out hy us wad answered by more than 350 future users, our

systtA will hawe to fulfill two major tasks within the framework

of docummmtation inquiri&A: furnishing by subscription, about p. 22

once a month, cdl publications of the recorded periodicals pes' .

tailing to a specific subject; and replying to single inquiries

on the basis of all stored bibli oqraphic material.

I2e
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d) Inquiries by subscribers are usually concerned with the

particular direction of work the inquiring institute or scientist

it taking. Examples for such inquiries, taken arbitrarily from

the inquiry test, are: "Salmonella biology," or "Animal cell

differentiation," _ "Everything concerning the Centaurium genus,"

or "Human ethnology," or Nucleoles in plants and animals," or

"Electronic microscopy in biology and medicine." All these cases

indicate that one wants to stay informed about one's own field.

Our system is arranged in such a way that either more condensed

or more extensive material can be supplied if desired in answer

to mubscribers' inquiries, since library experiences have tau':.

us that those publications which are at the periphery of the

actual research subject, can also be important.

e) The possibilities for single inquiries became crystallized,

in particular, during the development of our system. Since

entire periodicals have been processed, even back volumes, a

determination can be made as to whether or not earlier publications

dealing with a specific problem are available by directing a single

inquiry to the total volume of our bibliographic store. Thus,

the entire store of knowledge which has been indexed by us, can

be made available to the user, so far as it in expressed in the

titles of the publications. Such questions could be, for example,

"Where is a method describing the measurement of slit apertures?",

or "IHas anybody worked on saliva secretion of Phylloxera vastalrix

as dependent on changes In daily atmospheric pressure?", or "Are

any investigations concerning type-specific differences in

erythrocyte content of oestradiol-dehydrogenases in maals

available?", or "Has the presence of the cabbage moth as a pest

on poppy ever been determined?", or "Has a comparison been made

between the albumin percentage of the tobacco mosaic virus and that

of a temperature mutant?" - These examples stem from our biblio- p. 23

graphic materilal. Even if they exist, no standard bibliography
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cr reqlster could supply the answers. The computer, towevf-*v

can accomplish it. Az soon rs or.a pertinent work has bew fnurd

by the computer, additionaX inforzoation re~aa ls (most of the time)

-rrou its biblioraphc dian.

f) In conc~usi..n, he;.-e are some examples of com.•ar replies

to inquiries. We refer back to Chapter II/2/e and -he exiaple-

cited there for this purpose.

Let's assume that a user poses the question: "All work con-

cerning waste water problms." The pertinent notation 1311 is

then put into the electronic system by punch card. The computer

looks in its notation register for the notation in question and

there finds all publication numbers cf articles on th6 subject.

With the aid of these publication numbers, the machilne retrievet

all appropriate titW."s and other bibliographic dGta from the
iI

biblicrrabic magnetic "ape and prints the data in any sequence

and class-iicatiou desired on lists or iude: cards-

;vocations GO2D, 1019 and H, 1539, 2270, are put into the

coaputsr for -in inquiry "col.r change in the blossou." At tl,*e sW i

time the comut~'zer is told-by special symbolY vi.A t~e approjsrieao

punch card, that ?aoth nlotation grov~s are to Zo takec- as ýL logical

pro-uct and that there 4otation groups represent a notation c•lai. -

"The logical prodret signifies that the notations in quebtion must

occur in ccmbinatior.. A notation chain is present whenever several

notations belong to one word or term, which are to rem.in together

in the specific case and canrot corbine with other notatibnv of

t •i other words of the same title and 1-ku, form a wrmng statement.

ThuIa the com;;uter uses the word numbers. In our example, it-

retrieves the rotation for"color of blossom" (9, 1530, 2270) and

* compares all publication numbers inclu4ing their word numbera.

lisaexi under these notations. The 'conputer finds -ýhat only number

SBDO)104-085-G06-(G) is identical in all three notations. This number

is then compared with the publication numberm listed among notations

for the word "change' (043D, 1019), whereby it is found that the
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same number appears there also. We therefore have a paper con-

cerning "change in the color of the blossom" with publication

number Rl0104-085-006, which is then printed out accordingly.

The computer searches for notation 09L for an inquiry concern-

ing all articles about Diptera. It not only retrieves all those

articles stored for the notation 09L itself, but all other articles

of all notations starting with 09L, for example the notation for

Eristalls (09L2109). This example illustrates the fact that all

narrower terms (in our example the families and general of Diptera)

are automatically included in our method of giving notations. p. 24

It would necesaitate searching for several hundred or even

thousands of different names in a regular alphabetical register,

which practically no one could accomplish.

An inquiry concerning a specific type of organism, as for

example Eristalis tenax, requires a special procedure, because

the name of the species (tenax) has the desired informational value

only in connection with the generic name (Eristalis) (cf. the

description of vocabulary categories). In all such cases, the

computer searches for the genus in the notation register, and

for the species name in the word register. Only trivial names,

as for example, "cockchafer" (a large European beetle), consist-

ing of only one word, have a notation going as far as the species,

and therefore can also be found in the notation register.

The punch cards, onto which our various inquiries are punched,

are kept, so that an inquiry index is being formed over a period

of time. Incoming new inquiries are first checked to see if they

are already in the index, so that uncessary work can be precluded.

IV. CONCLUDING RM)ARKS

1. Limitations of the System

It would be unscientific to remain silent about what our

system cannot accomplish and what its limitations are. The
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reasons for the limitation to titles of publications have

already been cited in detail above. This ties in with the fact

that it is not possible to answer inquiries pertaining to the

results of concrete research, such as: "How many chromosomes does

the sunflower have?", or "How loag are the intestines of a

guinea pig?", or "Which plants have yellow flower petals and bloom

during the first four months of tthe year?" In order to be able

to do so, it would be necessary to develop the highest documenta-

tion stage (the documentation of findings), which callo for

totally different prerequisites. Furthermore, it is in the nature

of things that automatic classification also presents a series of

problems, the detailed description of which is not possible here.

These are by and large linguistic problems, similar to those which

confront machine translation. Problems of homonymy and questions

of syntax, for example, belong in this category. We have taken

these things into consideration during the development of our j -

system to the extent that it was possible to do so in advance.

In additior, practical work and continuous information activity p. 25

will give us the cnance to eliminate shortcomings which still

. 11exist in cooperation with the users. Work or. the classification

system will continue at the same time, because the system allowsj mus to reclasrify the material by machine, if necessary. Despite

the remaining limitations, which are conditioned by the structure

of the language, we are of the opinion that we can continue to

help users considerably with our system. While so doing, we must

remember not to put the cart before the horse, and that 90 or

even 100% solutions are not possible anyway in the field of

I documentation.

2. Outlook

2 The method has passed its trial test in principle, and thanks

to the efforts of the Institute for Documentation at the Max-

Planck Society in Goettingen an electronic installation is available

=C•iI. _ ___



exclusively for documentation purposes, and we hope to be able

to expand the application of the system to all scientific fields

and create a machine-processed "National Bibliography" of

periodical articles published in the German language.

We would then have a broad foundation for the automation

of publications, libraries and documentation, which could handle

all possible applications indicated at this time. At the sase

time, it would be desirable to have appropriate classification

research carried out with this material. This is a field which

is steadily gaining in importance on the international level and

which should also gain acceptance at universities.

The "National Bibliography on Magnetic Tape" should not re-

present any competition to existing documentation centers and for

this reason should not supply direct information to ustrs. This

would require much too large an organization; the organization

already to be found at proven operational documentation centers

is large enough. The best solution, therefore, seems to be that p. 26

each documentation center receive the material which is of import-

ance for that particular center, in reproduced form, from the

National Bibliography Center. The individual centers can then

continue to work with the material in any way they desire.

In the future it may be possible to offer the national

bibliography as a whole - as a magnetic tape duplicate - to foreign

countries on an exchange basis, in order to stimulate corresponding

documentation projects in other countries. It could thus come

to pass that there could even be international regulation of

the first documentation stage of indexing and evaluating titles

in the not too distant future. Further work could then develop orn

the basis of this regulation.

Literature

Only i few general works, which are connected with the structure

of documnntiition in general, or our documentation center in
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